Background: The ability to climb stairs (ascending and descending stair without using a handrail) and rise from a chair (rising from chairs without using an elbow rest) are among the most important measures of physical function for ADL evaluation for the independent living, and assessed by the questioners on many epidemiological studies in elderly. But little is known about the relationship between the self-reported performance level of the tasks and lower leg strength and power in very elderly people. The purpose of this study was to ascertain the relationship between the self-reported performance level of two tasks and the lower leg function in communitydwelling 80-year-old population. Methods: Out of 994 persons who were 80 years old living in Morioka City, Iwate Prefecture, Japan, 607 individuals (236 men and 371 women) underwent a physical fitness test that included measurements of leg extensor power and knee extensor strength. The ability to climb up stair and to rise from a chair was assessed by selfreported questionnaire which was ranked in three levels. The area under the receiver-operating characteristic (ROC) curve (AUC) was used to evaluate the measurements. Results: The cut-off points for the leg extensor power of subjects who could completely perform the stair-climbing and chair-rising functions were determined to be approximately 8.6 watt/kg body mass for men and 5.6 watt/kg body mass for women. In addition, the cut-off points for the knee extensor strength of subjects who could completely perform the stair-climbing and chair-rising functions were determined to be approximately 0.97 kg/kg body mass for men and 0.84 kg/kg body mass for women. Conclusions: From a practical viewpoint, the present study suggested that the cut-off points of leg extensor power and knee extensor strength can be used as targets in simple self-reported questionnaires to help in screening for mobility in 80-year-old population
INTRODUCTION
The number and proportion of people aged 65 years or older in the population are increasing rapidly in both Japan and other industrialized countries. In these countries, the prevention of disabilities of the elderly is an important political issue since many disabled elderly may require future hospitalization and long-term care.
Recent research has shown that older persons who perform poorly on standardized tests of lower extremity strength are at a higher risk of developing disabilities [1, 2] . Although the causes of impaired mobility are multiple, lower leg muscle function obviously plays a major role in mobility. Walking, stair-climbing and chair-rising are common daily activities and an essential function for physical independence, and these functions are identified persons having problem with instrumental and daily activities of daily living in both Japan and other industrialized countries. Of these daily physical activities, the ability to ascend and descend stairs successfully seems to OPEN ACCESS require greater strength in the lower extremities than many other activities of daily living (ADL) [3] . Stair negotiation correlates well with other measures of functional disability in the elderly and is useful in assessing a wide range of individual abilities [4] , and capture a wide spectrum of medical, clinical, and functional status in older adults [5] .
Therefore, the stair and chair negotiation are an excellent mobility performance measure [6] and the performance of the tasks is also a marker of health status superior to any other biochemical measure and one of the main determinants of quality of life in old age [7] .
The statistically significant association between leg muscle strength and self-reported stair-climbing performance [9, 10] . Ploutz-Snyder et al. [11] suggested a critical knee extensor strength which is required to accomplish basic functional tasks (chair-rising, gait speed, and stair ascent and descent). Other studies reported the existence of a threshold or an optimal cut-off point in lower extremity performance for physical independence in the elderly who live independently [12] [13] [14] [15] [16] [17] [18] .
However, these studies have certain limitations because they were conducted in relatively small groups of elderly subjects, which limited the ability to identify the threshold and generalization of the obtained results. In most of these studies, the threshold level did not account for sex, in spite of gender differences in self-reported performance and performance-based physical fitness [16, 19] . Although an association between self-reported stair-climbing and chair-rising, and lower leg strength and power seems established in the elderly, that association has been examined primarily in individuals under the age of 80 years. Because of increases in longevity in Japan, however, the number of people older than 80 is growing, thus necessitating investigation of these very elderly. Few studies have dealt with elderly subjects above the age of 80. However, little is known about this relationship of the performance of self-reported stair and chair negotiation with the lower leg strength and power in a very elderly population. In the present study, this association was evaluated in an 80-year-old population.
SUBJECTS AND METHOD

Subjects
The survey was conducted in 80-year-old subjects (born in 1918) residing in eight areas under the jurisdiction of Morioka Public Health Center, Iwate Prefecture, Japan. It was conducted from September to November 1997 at eight locations in town community centers or public health centers. The survey sample was drawn from the official resident file. At the time of the survey in 1997, 994 people aged 80 lived in Morioka. All the subjects were invited for a medical checkup that involved measurement of their physical fitness levels and completion of questionnaires. Subjects living in nursing homes were excluded. Out of 994 persons, 607 individuals (61.1%, 236 men and 371 women) underwent a physical fitness test including the leg extensor power and knee extensor strength.
Prior to the start of the present study, the consent of the ethics committee of the Iwate Medical University School of Dentistry was obtained, and subjects were volunteers who had given informed, written approval.
Survey Instruments
One week prior to the check-ups, the questionnaire was sent by mail. The questionnaire was collected before the medical check-ups. The question on ability of stairclimbing was worded as "How is your ability to walk up and down stairs without the use of the handrail?" and the question on ability of chair-rising was worded as "How is your ability to sit down and rise from a seated position without the use of a chair's arm?" On two tasks, the subjects were asked to choose one of three options; good, fair or unable.
Measurement of Physical Fitness
Physical fitness measurements were carried out only for subjects who were sufficiently fit based on electrocardiograms, blood pressure, or a physician's interviews. 1) Isometric knee extensor strength: As a measure of the muscular strength in the lower limbs, the maximum isometric bilateral muscle strength of the quadriceps was determined by using a portable chair incorporating a strain gauge connected to a load cell (Remodeling of Digital muscular strength meter, Yagami Inc., Nagoya, Japan). The load cell was connected by a wire to the belt, which could be adjusted such that the subject could sit comfortably with the leg hanging vertically and the knee bent at 90˚. The subjects were given strong verbal encouragement and visual feedback from the digital display. The test was performed on the right and left legs, respectively. The best score from two trials was recorded for each leg.
2) Leg extensor power: As a measure of the muscular power in the lower limbs, the maximum bilateral leg extensor power was determined using an isokinetic dynamometer (Anaeropress 3500, Combi Co., Tokyo, Japan). The apparatus is designed for measuring the explosive power of the leg extension and has been reported to be reliable, valid [20] , and feasible [21] in subjects of both sexes ranging in age from 16 to 84 years. The subjects sit on the seat and press their feet on the plate as hard as they can in a horizontal direction until the leg is fully extended. The body mass of each subject is used for
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resistance. The subjects were given strong verbal encouragement and visual feedback from the instrument display to produce the maximal voluntary force. Each subject performed five trials at 10-s intervals, and the best score from the five trials was recorded.
Statistical Analyses
To study the relationship between the level of physical fitness and functional independence in the ADL, subjects were divided into two groups based on their responses. Group 1 (Able) consisted of subjects whose response was "good" or "fair", whereas group 2 (Unable) comprised those whose answer was "unable to do".
All data are presented as means ± SD. Unpaired t-test (two-tailed) and Chi-square test were used to evaluate differences within each gender. The receiver-operating characteristic (ROC) curve was used to determine the diagnostic cut-off points and to compare the diagnostic accuracy between power and strength. The sensitivity, specificity, and positive and negative predictive values were calculated, and the cut-off point was determined as the minimum discrepancy between the sensitivity and specificity. The difference between the areas under curves was tested by the independent Z test [22] . Statistical significance was accepted when p < 0.05. Most of the data were analyzed using SPSS11.0 (SPSS Inc., Chicago, IL). Table 1 shows the details of the subjects. The sample consisted of men (n = 236) and women (n = 371) residing in the same prefecture. Of these subjects, 88.1% of the men and 80.3% of the women were tested for the leg extensor power, while 91.5% of the men and 86.8% of the women were assessed for knee extensor strength. With regard to the physical characteristics and physical fitness levels, significantly higher values were observed for the men than for the women. Pain in the legs was reported by 45% of the men and 55% of the women.
RESULTS
The physical fitness variables were compared between individuals who claimed to be able to perform the two ADLs (stair-climbing and chair-rising) without or with difficulty ( Table 2 ). Separate comparisons were made for the stair-climbing and chair-rising abilities. In men and women, the leg extensor power and knee extensor strength were significantly higher in the Able group than in the Unable group for both the stair-climbing and chair-rising tasks (p < 0.0001).
The cut-off point and histogram for the two groups are shown in Figure 1 (stair-climbing) and Figure 2 (chairrising). The cut-off points for leg extensor power during stair-climbing were calculated to be approximately 8.6 watt/kg body mass for men and 5.6 watt/kg body mass for women. Similarly, the cut-off values for knee extensor strength during stair-climbing were approximately 0.97 kg/kg body mass for men and 0.84 kg/kg body mass for women. The cut-off points for leg extensor power during chair-rising were calculated to be approximately 8.4 watt/kg body mass for men and 5.4 watt/kg body mass for women. The corresponding values for knee extensor strength during chair rising were approximately 0.96 kg/body mass for men and 0.80 kg/kg body mass for women ( Table 3) . The AUC for strength was greater than that for power in the case of men, but this trend was reversed in the case of women. In both men and women, differences in the areas under the two ROC curves (power and strength) were not statistically significant.
The sensitivity and specificity values for stair-climbing and chair-rising ranged from 63% to 72% for men and from 62% to 64% for women ( Table 3 ). 
DISCUSSION
The purpose of this study was to elucidate usefulness of self-reported ascending and descending stairs and rising chair performance test for screening the mobility, and to examine the levels of lower strength and power necessary to perform the these self-reported tasks on 80-yearold community-dwelling population.
Subjects
One of the strengths of this study is its large sample size (n = 607) of community-dwelling 80-years old population. In this study, pain in the legs was reported by 44.5% of the men and 55.0% of the women. In an older population in Japan, it has been reported that half of the subjects complained of pain in the legs [23] . Among all the persons at the incidence of knee osteoarthritis, 86.7% indicated that they always or sometimes needed help on stairs [24, 25] . Rate of leg pain further increases in very elderly people. These results would suggest that most of very elderly people live with having some troubles in the leg, indicating that leg with pain would be more common among very elderly people. Therefore, the measurements of knee extension strength and leg power were made regardless of the presence of pain in the subject's legs on the present study, so the degree of pain severity was checked at the medical check before the measurements and the peoples with reporting difficulty to perform the measurements was excluded in the present study.
Knee Extensor Strength and Leg Extensor Power
There are many methods for measuring lower extremity
Copyright © 2012 SciRes. OPEN ACCESS muscle function. In epidemiological studies, the leg strength in older populations has been generally measured using isometric strength during a shortening contraction [16] . These measures of strength appear to be safe since all the force involved in the measurements is generated by the muscle tested. However, Lauretani et al. [14] reported that lower extremity muscle power was no better than knee extensor torque or handgrip in early identification of poor mobility. Bean et al. [25] reported that muscle power is a more influential proximal determinant of physical performance than impairments in strength and emphasized that muscle power is an important determinant of mobility skills in older adults. Although these studies suggest that muscle power is a more useful measure of lower extremity performance than leg strength, leg power and strength were widely used an index of a lower extremity function. So we examined the cut-off points of leg power and knee extensor strength.
Cut-Off Point in This Study
Previous studies have shown that the optimal cut-off points for the elderly who live independently could be used to predict adverse events in disabled elderly persons [11, 13, 15, 18] . The values in the present study were higher than those of previous studies. This is due to the participants living in the community and they need higher levels of muscular performances compared with dependent subjects of previous studies. Although we examined the cut-off points of leg power and knee extensor strength in this study, the lack of lower extremities data (Men about 10%, Women about 15%) existed. These results imply that threshold values might be higher than that of previous studies. Women need to have the same strength as men in order to climb up a stair of a given height [9] , however, their climbing capacity without support is lower than that of men [10] . This suggests that in comparison to men, women need to make a greater effort relative to their maximum capacity to perform the stair-climbing and chair-rising task. Therefore, the ability to perform these tasks may be lower in women than in men in the present study.
For both men and women, significantly higher power and strength were observed in individuals who responded that they were able to perform the requested tasks without difficulty, but the magnitude of the difference was small between "Able" and "Unable" group on the strength and power, respectively. This finding is similar to those of previous studies [26] . However, there was a substantial overlap in the distribution of strength and power between the groups (Able and Unable), especially in women. Some women with low strength reported that they could stand from a chair or climb stairs. Conversely, some women with high strength reported that they could not stand from a chair or climb stairs. This is consistent with the findings of Ferrucci et al. in which they showed that there is a substantial overlap in the distribution of strength at a given physical performance level [12] .
There are some reasons for the overlap in the distribution of strength and power between the groups based on the self-reported performance of stair and chair negotiation. The self-reported stair and chair negotiation is a measure of mobility which is commonly used assessing the disability in epidemiological studies [27] . Stair negotiation needed an integrative function for strength, endurance, balance, flexibility, and is successfully performed by being smooth coordination of the functions. The plantarflexor and ankle dorsiflexor muscle are important predictors of stair-climbing and chair-rising performance [28] . Morey et al reported that a strong association between directly measured peak oxygen uptake and self-reported physical functioning including stair up and down was reported in older adults [29] . Significant association is also observed between the self-reported activities of daily living scores and peak maximal oxygen uptake and lower leg strength [30] . This would suggest that lower leg strength and cardiorespiratory function are the most important role to perform the stair-ascending and-descending. Furthermore, difficulty in climbing up stairs is associated with poor balance [5] . For example, subjects who foresee the danger of falling when climbing stairs would probably answer that it was difficult, regardless of their actual muscular strength. It is plausible that the AUC values of women are lower than those of men because of the effects of this expected insecurity. The biomechanical performances may influence the overlap in the distributions. Brechter [31] reported that patellofemoral joint stress during stair ambulation for persons with patellofemoral pain was modulated by a reduction in the patellofemoral joint reaction force, which was accomplished through a reduction in the knee extensor moment and a slower cadence. These results would be partly explained the overlap in the distribution of strength and power between the groups based on the self-reported stair negotiation.
On the other hand, the chair negotiation needs very minimal strength to be performed, especially when strength is only limiting factor, and that there is not a clear cut-off-point for "Able" versus "Unable" groups to perform this test in this population. Papa et al. [32] reported that different sit-to-stand motor strategies were identified in the young and elderly subjects. The elder group, as compared with young group, prior to seat-off tended to flex the trunk more, thus bringing the center of mass closer to the base of support, at a higher velocity, thus gaining a higher momentum. These results suggest that older people would use modification strategies to cope with the demands of tasks. These results indicate that biomechanical changes might represent a shift away from impairment in chair-rising or stair-climbing. In this study, some women with low strength might have had specific functional strategies in a clinical context.
From a practical viewpoint, the results of the present study suggest that the cut-off point of leg extensor power and knee extensor strength are targets that can be used in simple self-reported questionnaires to help in the prevention of outright disabilities. If such disabilities can be delayed through timely intervention such as physical training, which can help in maintaining and strengthening the body, the number of disability-free years and active life expectancy can be increased.
